Background {#Sec1}
==========

Malaria is one of the leading causes of death in the world. According to WHO report, there were 214 million cases and 438,000 deaths that were attributed to malaria in 2015 \[[@CR1]\]. It is a deadly disease, especially in Africa, including Ethiopia \[[@CR2]\], where the disease is prevalent at altitudes below 2000 m above sea level (asl). Its peak transmission occurs from September to December and April to May, coinciding with the major agricultural seasons. This has a negative impact on the Ethiopian subsistence agriculture-based economy \[[@CR2]\]. Areas below 2000 m asl cover three-quarters of the country's land mass. Malaria epidemics occur every 5--8 years in these parts of the country \[[@CR3]\].

In Ethiopia, *Plasmodium falciparum* and *Plasmodium vivax* account for 60 and 40% of the total reported cases, respectively. These *Plasmodium* species substantially contribute to malaria morbidity in the country \[[@CR4]\]. However, information on the trend of *P. falciparum* and *P. vivax* malaria in endemic areas is still insufficient.

Several countries have eliminated malaria since a programme for its global eradication was launched in 1955. However, no country has declared malaria elimination in Africa. The Global Technical Strategy for Malaria (GTS) calls for the elimination of malaria in at least 10, 20, and 35 countries by 2020, 2025, and 2035, respectively \[[@CR5]\]. In fact, the fight against malaria has shown a remarkable progress in controlling the disease over the last 20 years in Ethiopia. The burden has declined significantly, over the last decade, due to an improved coverage of high impact interventions, including the distribution of insecticide-treated nets (ITNs) and indoor residual spraying (IRS). Moreover, prompt and effective treatment with artemisinin-based combination therapy (ACT) was introduced to all health facilities free of charge to all age groups as a first line treatment for uncomplicated malaria in 2004. Targeted areas for key malaria control interventions were selected in accordance with criteria such as altitude (\< 2000 m), morbidity data, and history of epidemics \[[@CR6]--[@CR8]\]. Accordingly, Adi Arkay was one of the hot spot areas where malaria epidemic control interventions were carried out. Epidemiological data such as trends of malaria positivity rates at health institution is essential to design appropriate interventions. Furthermore, there is no published data regarding the trends of malaria cases at health institution and particularly at Adi Arkay town. Therefore, the present study aims at assessing the malaria positivity rate for the past 17 years at the institution as a proxy measure for the trend of malaria in the area which may contribute to evidence-based decision on malaria control activities.

Methods {#Sec2}
=======

Study area and study population {#Sec3}
-------------------------------

The study was conducted at Adi Arkay health centre. Adi Arkay is one of the Woredas (administrative districts) in Amhara region in Ethiopia. It is situated on the northern slopes of *Ras Dashen*, which is one of the highest peaks in Africa. It is 907 km north of Addis Ababa (the capital city of Ethiopia), and 180 km north of the ancient city of Gondar \[[@CR9]\]. This district is malarious and with a total population of about 93,763. The altitude of the district ranges between 1750 and 2100 m above sea level. The majority of the population depends on subsistence farming and livestock breeding. Malaria is the most prevalent seasonal disease in the area, accounted as second of all the reported diseases in the health center. Adi Arkay Health Centre was founded 20 years ago. Unlike most malaria endemic areas of the country, there are no immigrant laborers in the area and this health facility is used by the local population and has a very high patient load. The study population in this study were all malaria suspected patients (including both sexes and any age groups) who were visiting the health centre for the past 17 years.

Study design {#Sec4}
------------

A retrospective study was conducted to determine the 17 years trend of malaria by reviewing blood film malaria reports at Adi Arkay health centre.

Data collection {#Sec5}
---------------

Seventeen years (1997--2013) data regarding malaria were extracted from Adi Arkay heath centre. Data on both negative and positive microscopically confirmed malaria suspected cases were included in the study. In Ethiopia, microscopy is the major tool used to diagnose malaria. In this health centre, a well-prepared Giemsa-stained blood film (both thick and thin smear) was used to diagnose malaria in the laboratory \[[@CR10]\]. Information regarding the patient's age, sex, month, and year of examination were collected using the check list established for this study. Unfortunately, complete (formal) data regarding major interventions done against malaria and other environmental factors were not collected.

Data analysis {#Sec6}
-------------

Data were extracted from laboratory log books and summarized using Microsoft Excel. Then, data was entered and analyzed using SPSS 20 software package. Sequence chart and curve estimation analysis were used to evaluate trends of the data. Pearson's Chi square test was used to describe association of variables.

Results {#Sec7}
=======

Annual trends of malaria prevalence in Adi Arkay health centre {#Sec8}
--------------------------------------------------------------

Over a period of 17 years (1997--2013), 20,483 blood films were requested for malaria diagnosis at Adi Arkay health centre of which 7392 (36.1%) were microscopically confirmed malaria cases. There were significant fluctuations and reduction trends of overall malaria during the past 17 years, with a maximum of 51.5% and a minimum of 26.6% of cases in 2001 and 2009, respectively. Although a remarkable reduction of all types of malaria was observed, a high predominance of *P. falciparum* was reported over *P. vivax* in each year. *Plasmodium falciparum, P. vivax*, and their mixed infection accounted for 68.85, 28.79, and 2.34% of the malaria cases, respectively. A minimum of 13.8% and a maximum of 39.3% malaria cases due to *P. falciparum* were reported in 2009 and 2001, respectively. In most years, the remarkable decrease in the proportion of malaria infected cases was almost all due to *P. falciparum.* In contrast, the fluctuation and reduction of malaria due to *P. vivax* was not significant. The least (7.9%) and the highest (12.9%) peaks of malaria cases due to vivax malaria were observed in 2010 and 1998, respectively. Moreover, mixed infection did not show a significant fluctuating trend in the area in the 17 years (Table [1](#Tab1){ref-type="table"}).Table 1Annual trends of malaria positivity rates at Adi Arkay health centre from 1997 to 2013, Adi Arkay Town, EthiopiaYearTotal no. of blood films examinedTotal no. of malaria cases (%)*P. falciparum* cases (%)*P. vivax* cases (%)Mixed (%)1997380180 (47.4)124 (32.6)48 (12.6)8 (2.1)1998695326 (46.9)267 (38.4)55 (7.9)4 (0.6)1999626299 (47.8)231 (36.9)62 (9.9)6 (1)2000230105 (45.6)77 (33.3)28 (12.1)0 (0.2)2001811418 (51.5)319 (39.3)93 (11.5)6 (0.8)20021495665 (44.5)520 (34.8)135 (9.0)10 (0.7)20031272563 (44.3)432 (34)117 (9.2)13 (1)2004618260 (42)184 (29.8)70 (11.3)6 (0.9)20052592980 (37.8)728 (28.1)251 (9.7)0 (0)20061665636 (38.2)463 (27.8)160 (9.6)13 (0.8)2007914314 (34.4)211 (23.1)101 (11.1)2 (0.2)2008979319 (32.6)234 (23.9)85 (8.7)0 (0)200936998 (26.6)51 (13.8)47 (12.7)0 (0)2010743222 (29.9)122 (16.4)96 (12.9)4 (0.5)20111458424 (29.1)286 (19.6)136 (9.3)1 (0.1)20122155640 (29.7)356 (16.5)254 (11.8)30 (1.4)20133481943 (27.1)484 (13.9)390 (11.2)70 (2)Total20,4837392 (36.1%)5089 (24.8)2128 (10.4)173 (0.8)

A curve estimation analysis done using three models, namely linear, quadratic and cubic also showed a statistically significant reduction of overall malaria positivity rates from time to time (each of the models has R square = 0.85, P \< 0.001) (Fig. [1](#Fig1){ref-type="fig"}a). The same result was observed for malaria due to *P. falciparum* showing a significant reduction in the area during the 17 years (each of the models has R square = 0.89, *P *\< 0.001) (Fig. [1](#Fig1){ref-type="fig"}b). During the 17 years, as far as these models were used, *P. vivax* did not show a significant reduction (each of the models has R square = 0.03, *P *= 0.492), even showing a slight increase across the years (Fig. [1](#Fig1){ref-type="fig"}c). Similarly, mixed infection did not show a significant reduction across the 17 years according to analysis done using the models (each of the models has R square = 0.01, *P *= 0.20) (Fig. [1](#Fig1){ref-type="fig"}d).Fig. 1Curve estimation models for malaria investigation in years in Adi Arkay health centre from 1997 to 2013, Adi Arkay Town, Ethiopia

Seasonal variations of malaria prevalence at Adi Arkay health centre {#Sec9}
--------------------------------------------------------------------

Despite the apparent fluctuation of total malaria trends over 17 years in the study area, malaria cases occurred throughout the year. However, there was a significant seasonal variation (*P *= 0.04). The highest peak of total malaria positivity rate was observed during autumn, i.e. the months of September, October and November (just after the major rainy season) and the minimum positivity rate was observed during winter (the dry season in the months of December, January and February). Similarly, the maximum and minimum positivity rate of *P. falciparum* followed similar patterns. On the other hand, the positivity rate of malaria due to *P. vivax* was the highest during April and May (spring, short rainy season). Malaria cases due to mixed infections were almost similar in all seasons (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Distribution of Plasmodium in different seasons in Adi Arkay health centre from 1997 to 2013, Adi Arkay Town, Ethiopia

Prevalence of malaria in relation to age and sex at Adi Arkay health centre {#Sec10}
---------------------------------------------------------------------------

According to the record review over the 17 years in the study area, malaria was reported in all age groups, but the 15--45 years age group was more affected (3521 of the total 7392 malaria cases), followed by the 5--15 years group (1211 of 7392 malaria cases). In all age groups, males were more affected than females, and the difference was statistically significant (*P *\< 0.001) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Malaria cases by sex and age in Adi Arkay health centre from 1997 to 2013, Adi Arkay Town, Ethiopia

The comparison of the *Plasmodium* species and age groups in the study area showed that *P. falciparum* was the predominant parasite in all age groups, but higher in the 15--45 years of age group than in other groups. Similarly, the same age group (15--45 years) was the most affected by *P. vivax,* and mixed infections which were the least prevalent in all age groups (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Distribution of *Plasmodium* species by age in Adi Arkay health center from 1997 to 2013, Adi Arkay Town, Ethiopia

Discussion {#Sec11}
==========

Over the 17 years (1997--2013), a 36.1% annual mean positivity rate of malaria was reported in the study area. This is lower than that of a study conducted at Kola Diba health centre \[[@CR6]\]. However, the result of this study indicates that malaria was a significant health burden in the area. Their differences might be related to variations in malaria diagnosis techniques and the skills of the laboratory personnel to detect and identify malaria parasites. Moreover, the implementation of malaria prevention and control activities might differ from one area to another showing that the interventions in this community might have been stronger. This study also revealed that malaria cases due to *P. falciparum* and *P. vivax* species accounted for 68.85 and 28.79% of the cases, respectively. The remaining 2.34% of malaria positivity rate was due to mixed infections. This is not in line with the national malaria parasite distribution figure in Ethiopia, which showed that *P. falciparum* and *P. vivax* accounting for 60 and 40% of the cases, respectively \[[@CR6], [@CR11]\]. The national estimation of malaria parasites indicates the average distribution in the whole country, whereas the present study is limited to only a small part of Ethiopia could have resulted in the variation of the prevalence.

Over the 17 years, there was a dropping trend of total malaria cases from 47.4% in 1997 to 26.6% in 2009 (Table [1](#Tab1){ref-type="table"}). The curve estimation analysis models (linear, quadratic and cubic) which explained practically significant overall malaria trend reduction across the years were used (each models showed; R^2^ = 0.85, P \< 0.001). This overall reduction of malaria is mainly related to the dramatic drop in the rate of falciparum malaria. This declining trend testifies the commitment of the government and other partners in Ethiopia. Malaria control has been one of the major components of the country's prioritized health sector agenda since 2004. The Ethiopian Government together with collaborators launched multiple interventions for malaria prevention and control for the entire communities at risk including the study area \[[@CR7]\]. The national strategic malaria elimination plan currently recommends key intervention methods including prompt diagnosis using rapid diagnostic tests (RDT), artemisinin combination therapy (ACT) as first line drug to treat uncomplicated *Plasmodium falciparum* malaria, and targeting the vector using indoor residual spraying (IRS) and long lasting insecticide treated nets (LLITNs). Chemoprophylaxis and environmental management are also key intervention measures applied to control malaria \[[@CR7], [@CR12], [@CR13]\]. Moreover, in the past several years, malaria control and prevention activities were intensified by all stockholders in the area. Awareness creation of the community about malaria transmission and control methods, the increment of budget and increased accessibility of ITNs to the community were the major interventions made by health professionals and representative of the government working in the town. All these efforts might have resulted in such significant reduction of malaria positivity rate.

Despite the national malaria intervention initiatives \[[@CR7]\], the prevalence of *P. vivax* did not drop, instead showed a slight rise (Fig. [1](#Fig1){ref-type="fig"}). Its persistence may be related to the emergence of chloroquine resistance in *P. vivax* \[[@CR11], [@CR14]\]. Moreover, its ability to assume a dormant stage in the liver during its life-cycle might be the other reason for the insignificant reduction. A control strategy on the distribution of Co Artem^®^ in endemic areas targets mostly *P. falciparum* and a greater emphasis on *P. vivax* is needed \[[@CR7]\]. The month of September, October and November is the season when the highest peak of malaria has been frequently reported from different parts of Ethiopia \[[@CR6], [@CR15], [@CR16]\]. In a similar fashion, over the study period, the highest prevalence of malaria was observed during this season followed by spring (March, April, and May) in the study area during the study period. However, malaria cases were reported in the area in all seasons across the 17 years.

The present study also revealed a slightly higher positivity rate of malaria among males (39.4%) than females (32.4%). This is in agreement with the report from other parts of Ethiopia \[[@CR6]\]. Most people in Adi Akay are farmers, thus, most of the time males are engaged in agricultural activities during which they are more exposed to the bite of Anopheles mosquitoes, vectors of malaria parasites. The 15--45 year age group was the most affected age groups in both sexes (Fig. [4](#Fig4){ref-type="fig"}), and similar findings were also reported from Kola Diba, Ethiopia \[[@CR6]\]. This is the most productive age group which actively involves in several agricultural activities which expose them to the infection.

The present study indicates that a 17 years cases of malaria at the health institution as a proxy measure in the trend of malaria, but secondary data was used for analysis and this might have affected the accuracy of positivity rate of malaria. Thus, it has a limitation and should be interpreted with caution.

Conclusion {#Sec12}
==========

There has been a significant declining trend of the overall positivity rate of malaria in the study area. However, it is still alarming and requires extra efforts for further reduction. The declining trend of the overall positivity rate was mainly due to the remarkable decrease of *P. falciparum* rather than *P. vivax* infection. The implementation of malaria control activities should be reinforced, taking into consideration the variables identified in this study.

ACT

:   artemisinin-based combination therapy

HEWs

:   health extension workers

IRS

:   indoor residual spray

LLITNs

:   long-lasting-insecticide-treated nets

ITNs

:   insecticide-treated nets

RDT

:   rapid diagnostic tests
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